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OVERVIEW 

In December 2005, the National Science Board (NSB) established a Task Force on Hurricane 
Science and Engineering.  The Task Force was charged with summarizing the current status of 
research relevant to understanding hurricanes as an integrated science and engineering problem 
and developing recommendations to the Board. Specifically, the Task Force was asked to:   

•	 Assess how increased understanding of hurricanes as natural disasters can be used to 
improve the Nation’s ability to predict, mitigate, and react to future events. 

•	 Recommend an integrative approach for addressing deep fundamental science questions 
regarding hurricanes as natural disasters. 

•	 Recommend priorities for meeting critical research needs. 
•	 Recommend an agenda for support of essential hurricane-related research within the 

Federal government and among research organizations.   

To this end, the Task Force initiated a series of three workshops to explore these issues and 
gather information for possible future consideration by the Board.  The workshops were held on 
January 24, 2006 at the National Science Foundation in Arlington Virginia; on February 7, 2006 
at the National Center for Atmospheric Research in Boulder, Colorado; and on April 18, 2006 at 
the Institute for Human and Machine Cognition in Pensacola, Florida.  The first workshop 
focused on the research activities of Federal agencies while the latter two involved the same 
topic for academia and industry.  This document summarizes key points from the three 
workshops. 

It should also be noted that the Task Force has been actively engaged in discussions with the 
National Science and Technology Council (NSTC), the National Oceanic and Atmospheric 
Administration (NOAA) Science Advisory Board’s Working Group on Hurricane Intensity, the 
60th Inter-Departmental Hurricane Conference, the National Academies Board on Atmospheric 
Sciences and Climate (BASC), the White House Office of Science and Technology Policy 
(OSTP), and Congressional staff to gather additional information and coordinate with related 
efforts or interests. 

MAJOR THEMES AND POINTS FOR FUTURE CONSIDERATION 

The workshops covered a broad spectrum of hurricane science and engineering, ranging from 
meteorology to social science.  Excluded from discussion were operational decision making, 
organized civil response and public health. The key points regarding the state of current 
knowledge, as well as priorities for further work, are summarized below in seven categories: 
physical sciences (meteorology and oceanography); biological and ecological sciences; 
engineering and infrastructure; social, behavioral, and economic sciences; information 
technology; crosscutting and interdisciplinary issues; and programmatic and policy issues.   
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Physical Sciences 
Current Status 
Hurricane forecasting relies on satellite observations, computer modeling, and field experiments.  
Hurricane models have improved owing to improvements in observations, model physics and 
numerical techniques, data assimilation techniques and more powerful computers.  Predictions of 
hurricane track have improved faster than predictions of hurricane intensity.  Longer-term 
forecasts have not improved as rapidly as shorter-term forecasts.  

Linkages between hurricanes and climate change (e.g., sea surface temperature trends) are only 
now being explored. As a result, current climate models may under-predict hurricanes and over-
predict sea surface temperatures (SSTs), which may be moderated by hurricane events.   
However, there is substantial evidence that the recent strong hurricane seasons are due in part to 
SSTs that are above the natural variability curve.   Hurricanes are forming over more months and 
over larger parts of the ocean than in the past.  While the total number of hurricanes has not 
increased significantly during the past 30 years, the number of hurricanes in the strongest 
categories (3 to 5) has increased.  Although global warming may play a role in the increase in the 
number of strong hurricanes, the number of strong hurricanes also varies naturally from year to 
year and decade to decade. 

Understanding the coupling between the ocean and atmosphere is very important to improved 
forecasting for the intensity of hurricanes.  Higher resolution models are also needed to improve 
forecasts. Advances in research models, such as higher resolution and ocean-wave-atmosphere 
coupling have not yet moved to operational models.  These features can improve predictions but 
demand more computing power.  Research and operational models have different requirements 
for operability, maintenance, and training that delay the deployment of research concepts into 
operational models. NOAA is currently codifying a process for transition of research models to 
operational forecasting models. 

Meteorological models are generally more advanced than models of hurricanes and tropical 
storms impacts, such as storm surge, wind, and inland flooding and their effect on the built 
environment and society.   

Knowledge Gaps and Research Needs 
There is a need for better understanding of several aspects of hurricane formation and 
intensification. In particular, more knowledge is needed to better understand rapid intensity 
change in hurricanes, the relationship between storm size and intensity, and the internal 
dynamics of hurricanes, including the role of the vortex and the process of eyewall replacement 
and its relationship to intensity.  More data, better data assimilation and improved models of the 
atmosphere-ocean boundary are needed.  The role of the ocean sub-surface, in particular the role 
of ocean temperature below the sea surface, needs to be better understood, as does the 
atmosphere-sea interface, especially under strong wind conditions that can modify surface drag 
coefficients and thus fluxes of heat, moisture and momentum.  Microphysics (precipitation 
formation), convection, and wind shear are important variables in determining hurricane 
intensity. A better understand of the relationship, if any, between hurricanes and climate change 
is needed, as well as a thorough and unbiased assessment of whether or not the hurricane threat is 
increasing. 
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Storm surge, rainfall from hurricane, and inland flooding are not well characterized.  Rainfall 
and inland flooding have historically (before Katrina) been the cause of the greatest number of 
hurricane fatalities. Better probabilistic modeling and mapping of storm surge risk are needed. 
Engineering and hazard models  will require better prediction of hurricane wind fields at finer 
scales. It is particularly important to be able to model the near surface (less than 100 meters 
above ground) wind speeds. Higher resolution models are required to characterize the internal 
dynamics of hurricanes, which affect intensity.  However, significantly increased computing 
capacity is needed to run such high-resolution simulations in real time.  One needs to be able to 
perform multiple model runs in real time in order to provide sensitivity analysis to changes in the 
initial conditions. There needs to be greater access to computational resources, particularly at the 
time of major hurricanes. 

The theoretical possibility of modifying hurricanes is becoming a legitimate area for basic 
research. However, in order to determine if the attempted modification had the predicted effect, 
and to better understand potential unintended impacts, accurate forecasts are needed.  The ethics 
of weather modification need to be considered, as well as the positive impacts of hurricanes 
associated with the provision of fresh water and transfer of ocean heat.  The consequences of 
hurricane modulation on climate also need to be better understood as hurricanes cannot now be 
represented explicitly in most climate model simulations. 

Biological and Ecological Sciences 
Current Status 
Coastal ecosystems provide functions that constitute part of the hurricane protection system.  
These functions need to be understood. Wetlands serve to buffer the effects of wave and storm 
surge on levees.  In the Gulf area, there have been many engineering projects that have had 
unintended effects on the natural environment.  These include flood control, navigation, oil and 
gas exploration, and agricultural projects, which have changed the natural system, and in some 
instances, may have made coastal regions (especially in Louisiana) more vulnerable to 
hurricanes. Hurricane effects on the environment have been studied at several long-term 
ecological observatories (LTERs). However, little has been done to develop models for 
forecasting impacts of hurricanes and tropical storms on natural coastal ecosystems in terms of 
fisheries, pathogens and toxics being released, loss of wetlands and coastal forests, etc. 

Knowledge Gaps and Research Needs 
Research is needed on the interaction of storms, the natural environment, and engineered 
structures. There is a need for an ability to do ecosystem impact forecasting in order to 
understand and predict changes in natural coastal ecosystems and how the changes are likely to 
impact local and regional economies related to fisheries, as well as affecting the future risks of 
hurricane impact due to alterations in wetlands.  Better information is needed on the current 
extent and health of wetland buffers, as well as trends related to their condition.  Work is needed 
to both understand and rebuild these buffers. 
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Engineering and Infrastructure 
Current Status 
Damage from hurricanes comes primarily from wind and flooding interaction with the built 
environment.  Bridges are damaged by storm surge and waves, while levees may suffer a variety 
of failures largely from overtopping and the resulting erosion of the foundation.  Buildings may 
be damaged by wind, debris, and water pressure.  Power and communications systems suffer 
wind damage to poles and flood damage to ground-based systems.  Cellular phone towers fail 
because electrical generators aren’t refueled or because landlines connecting the cell towers fail. 
Electrical systems that suffer only wind damage can be restored much more quickly than areas 
that also suffer flood damage.  

Engineering design to ensure the integrity of the building envelope against wind and water is 
essential – once the building envelope is breached, the building quickly becomes a total loss.  
Infrastructure can be retrofitted to increase protection to a significant extent, but at a significant 
cost. Information is needed on the risk of hurricanes to evaluate the benefit/cost ratios. Effective 
mitigation of damage involving the built environment requires strong interaction between the 
physical and social sciences. 

Hurricane engineering has been largely neglected in NSF and elsewhere, especially relative to 
earthquakes, where seismic safety is a fundamental design consideration that is integrated into 
the engineering curriculum and professional certification.  By contrast, hurricanes are not 
currently integrated into design consideration, engineering curricula, or professional certification 
for engineers. Water engineering related to hurricane impacts has also been neglected by 
research funding agencies. Hurricane engineering textbooks are not available, and there are few 
faculty involved in hurricane engineering research and practice. 

Knowledge Gaps and Research Needs 
There needs to be a national assessment of infrastructure – levees, bridges, water/sewage, power, 
communications, etc. – to determine its condition and vulnerability to hurricanes.  There needs to 
be a long-term plan to address the vulnerabilities.  Current infrastructure in the US does not exist 
as a national system.  Rather it is a collection of individual components under the management of 
different jurisdictions and organizations that are difficult to coordination in response to hurricane 
impacts. 

Research is needed to develop self-powered ad hoc networking nodes that can be easily deployed 
and quickly integrated with existing infrastructure, other government  agencies, and NGOs, 
while providing secure WiFi access to assist in  recovery efforts.  Equally important is the need 
to address cyber- security and the ability to manage and allocate the network to multiple 
competing needs based on priorities. 

There is a need to establish a hurricane-engineering curriculum and professional certification.  
This should focus on engineering of the built environment with a consideration of hurricanes.  
There is a gap between current state of engineering knowledge and common building practices.  
There is a need to re-examine the design standards for structures and infrastructure.  In Florida, 
for example, design standards for electrical lines reportedly are only to withstand 60 mile per 
hour winds. Expanded research on the interaction of structures with fluids (both air and water) 
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is needed, as well as developing an independent source of information  regarding communication 
and electrical utility failures due to hurricane damage.  

Social, Behavioral, and Economic Sciences 
Current Status 
The social, behavioral, and economic sciences work related to hurricanes covers a very wide 
number of topics, including the behavior of individuals, organizations, and communities, and 
work related to mitigation, preparedness, response, and recovery.  It includes fundamental work 
in areas such as cognitive science related to decision-making, as well as much more applied work, 
such as how to ensure communities issue and enforce building codes. The economic impact of 
hurricanes has been increasing, and will continue to increase, with the growth in built 
infrastructure in hurricane-prone costal areas.   

The socio-economic and demographic characteristics of an area greatly affect the area’s 
vulnerability to disasters and recovery from disasters.  Age, income, race/ethnicity, and other 
factors affect how people respond to warnings, their propensity to evacuate, the vulnerability of 
their residences, and their resources for recovery. 

There is a body of knowledge on the effects of disasters on individuals and on effective 
communications in disasters., most of which has resulted from research on other kinds of 
disasters. Much of the existing social science work on disasters, however, has used 
compromised methodologies, with sample selection bias or less than ideal data or units of 
observation. 

Evacuation decisions are critical decisions for officials and for the public, and are often based on 
incomplete, uncertain, or at time conflicting information.  Decision errors are very costly.  
Warning processes are non-linear, and individuals receive multiple messages from different 
sources. Decision-making is multi-layered and complex, involving individuals, groups, and 
organizations. 

Societal response is most effective if forecasts are accurate and trusted, and if communication of 
forecasts is effective. It takes the public time to understand probabilistic forecasts. 
Understanding how the public perceives the risk is important, as is communicating risk in a way 
that individuals can understand in personal terms. 

Social networks are a key factor in disaster response and recovery.  It is important to establish 
key relationships and trust in the community before the disaster.  These may include 
relationships between emergency responders in various districts and other resources, including 
utilities, companies, civic groups, and universities. There is a role for a well-prepared citizenry 
that can respond within neighborhoods. One of the lessons learned from the Kobe, Japan 
earthquake was that social networks were an important factor in recovery, and which some 
considered to be even more important than government aid.  

Knowledge Gaps and Research Needs 
The social science aspects of hurricane related research covers a spectrum of issues, including 
public perception of warnings and evacuations, the social impact of disasters, recovery and 
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restoration, and mitigation.  However, research on social science aspects of hurricanes has 
received only modest funding.  Research to understand societal and individual decision-making 
processes during hurricanes would be valuable. To reduce the impact of hurricanes, research is 
needed on methods for improving societal and individual decision processes, including 
understanding how risk information can be communicated in a relevant and timely fashion. 

Little research work has been done on evacuation behavior, such as the influence of media 
messages, the use of new communication technology, the factors that influence individual 
evacuation decisions, route and destination selection, and driver behavior. There is a need for 
research on how to better convey hurricane-related information to disaster officials and the 
public. One issue is communicating uncertainty in forecasting.  Another is communicating the 
forecasted impact of hurricanes – there is a need for a better impact scale than the wind-speed 
driven Saffir-Simpson scale.  There is also need for studies on how to make the citizenry better 
prepared for disasters. 

There is a need to be able to model the temporal aspects of evacuation, including the time to 
prepare, hear warnings, mobilize, and be transported to an evacuation destination.  There is a 
need to be able to model traffic and how people’s behavior is affected by their neighbors.  There 
is a need for post-evacuation studies to analyze lessons learned, and a need for a national 
clearinghouse to share this information.  Research is also needed on the cost and benefits of 
evacuation decisions.  There is a need for longitudinal studies of individuals and communications 
during and following disasters. 

There is an emerging “vulnerability/resiliency science,” which integrates physical and social 
models to assess social vulnerability, that needs to be strengthened.  Improved ability is needed 
for assimilating data into geographic information systems (GIS) to integrate the predicted 
physical effects (wind and flooding) with social vulnerability to target resources most effectively. 
There is a need for better databases to quantify the baseline conditions regarding demographics 
and the built environment.  

There is a need for long-term (greater than 5-year) studies of the effects of hurricanes in order to 
better forecast demographics and mitigation impacts in a community in the long run? 

Research on the hidden and broader socio-economic costs of hurricanes, and the distribution of 
costs and impacts on a range of stakeholders is needed.  Measures of damage may include loss of 
life, loss of earning potential, and health care costs, as well as loss of sense of place, 
communities, and networks. There is also a need for valuation of hurricane forecasts. 

Some other key social science needs include research related to the role of emergency and 
temporary shelters, decisions to rebuild or relocate, factors influencing business recovery, and 
the role of building codes and insurance.   

There is a need to have funding in place to start research immediately, even before hurricane 
landfall. NSF Small Grants for Exploratory Research (SGERs) can take 6-8 weeks to process, 
which may be too long of a delay to support the collection of field data during or immediately 
after hurricane landfall.  Virtual hurricane research centers that are established prior to hurricanes 
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may be a useful mechanism to ensuring immediate action by previously merit-reviewed research 
teams. 

Information Technology 
Current Status 
Information technology is critical in modeling hurricanes, assessing their impact, and in post 
disaster recovery operations. Greater computing capacity is needed to run higher resolution 
models and models that link meteorological models to impacts.  Inter-operability of databases is 
critical in all areas. Sharing and integration of data across Federal, state and local agencies is key. 

Information technology is essential in disasters, but there are many challenges.  Critical 
infrastructure vanishes and social behavior changes.  Even highly redundant communications 
prove inadequate.  Disaster operations need to be able to communicate in multiple languages for 
diverse population groups. Disaster operations need independent and sustainable power, and 
self-contained communications. Information is a key resource.  One needs to be able to track 
people and processes, and to be able to distribute information broadly.  In some areas, text 
messaging works very well – it provides a low bandwidth way to communicate either one to one, 
one to many, or many to one.   

In disasters, the first 24 hours in the field are the most critical for life saving and for making 
decisions about committing resources.  There is often very little communication for the first 12 
hours – first responders act independently in this period.  Information becomes less valuable as 
time goes on because resources are committed. 

A variety of emerging remote presence information technologies can help fill information gaps 
and help provide operational awareness. Examples include unmanned aerial systems and robot 
rafts. 

Knowledge Gaps and Research Needs 
There needs to be a significantly greater capacity to run high resolution meteorological and 
hazard impact models in advance of hurricane landfall by marshalling and coordinating 
computing resources available outside of the National Weather Service, such as at NSF,  
Department of Energy, NASA  and Department of Defense supercomputers.  

There are research needs related to information technology and emergency response.  Research is 
needed to develop better tools to provide operational awareness for the first 24 hours.  Research 
into the increase capability and use of ad hoc wireless networks and VoIP during disasters is 
need to provide efficient, inexpensive, and robust communication.  Research is also needed on 
new capabilities for "resilient power." Rapidly deployable sensor networks could be very 
valuable as hurricanes come onshore or in the aftermath.   

Research is needed on the use of unmanned aerial vehicles (UAVs) and other forms of robotics 
in hurricane response. Key UAV research topics include issues of control and coordination with 
human operators.  Robotic issues are often about mobility in rubble-strewn and/or wet terrain, as 
well as coordination and control of teams comprised of humans and robots in challenging 
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environments.  Research is needed on situation awareness, human-machine interaction, and 
automated mission planning to make necessary observations with UAVs.  Advances in machine 
translation could also help communicate critical disaster information in different languages.  

Crosscutting and Interdisciplinary Issues 
Current Status 
Hurricane science and engineering encompasses meteorology, hydrology, oceanography, civil 
engineering, ecology, social science, management, and other fields.  There are many research 
areas that cut across these domains.  

At present, interdisciplinary hurricane work is not commonplace across the different relevant 
fields of science. There are different cultures among the research communities, the operational 
communities, and the user communities, with gaps in communication between these groups. 

Knowledge Gaps and Research Needs 
There is a need to develop a culture that rewards interdisciplinary collaboration while 
maintaining disciplinary depth.  There is also a need for an end-to-end hurricane research 
program that is integrated from research to applications and from storm forecasts to effects to 
decision support models.  

Some specific areas where greater interdisciplinary collaboration is needed include:  

•	 Climate scientists and hurricane scientists need to work together to incorporate hurricanes 
in climate models in order to understand the effects of climate change, if any, on 
hurricane frequency and intensity. 

•	 Meteorology and social science research should collaborate on characterizing what 
factors are important in effective hazard communication systems.  Part of this research 
should address the lay public’s ability to comprehend information about hurricane 
characteristics beyond the commonly used Saffir-Simpson hurricane intensity scale, 
which is based on wind speed but does not indicate storm size, storm surge, rainfall or 
impact to local structures.  

•	 Meteorologists, hydrologists, ecologists, engineers, computer scientists, and economists 
need to conduct research on developing better integrated hazard models that would allow 
projection of the likely damage and losses from hurricane forecasts.   

•	 Social scientists and traffic engineers need to work together to develop better evacuation 
models. 

•	 Interdisciplinary research, involving social scientists and engineers, with input from 
disaster officials, is needed to develop models that characterize the relative vulnerability 
of different population groups. 

•	 Engineers, economists, and other social scientists need to conduct interdisciplinary 
research that is relevant to the development of cost-effective hazard mitigation policies, 
involving land-use planning, supports the development of building codes, and provides 
information to support insurance industry risk models.   
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Increased access to computing capabilities, particularly during hurricane events, would support 
hurricane related research by providing real-time data collection and analyses, and, allowing 
scientists to run higher resolution models and models that link hurricane forecasts with various 
kinds of ecological, socio-economic, and built-structure impacts. 

A large-scale experiment to demonstrate capacity of predicting, communicating, and mitigating 
the societal and ecological impacts of tropical cyclones or hurricanes could be useful to drive 
interdisciplinary collaboration in hurricanes and collaboration between researchers and user 
groups. 

There is a need for interdisciplinary sharing of ideas.  These could be a hurricane science and 
engineering journal, a joint conference, a national center, or a virtual center that serves a 
coordinating function. 

Programmatic and Policy Issues 
Current Status 
The National Windstorm Impact Reduction Act of 2004 was enacted into law.  It authorizes 
funds for an interagency hazard reduction program led by NOAA, FEMA, NSF, and NIST.  
Funds have not yet been appropriated. 
There is a paucity of resources spent in NOAA, NSF, and other agencies on hurricane S&E 
relative to the damage and national risk.  The costs associated with hurricane research and 
engineering are small compared to the potential and actual losses.  There needs to be a 
systematic, stable, and coordinated approach to hurricane research, using an integrated 
framework. 

The hurricane science community is widely viewed as being less well developed or integrated 
compared to the earthquake research community, especially with regard to the interdisciplinary 
and interagency work and the integration of research with hazard mitigation activities. 

Knowledge Gaps and Research Needs 
A large-scale experiment to demonstrate capacity of predicting, communicating, and mitigating 
the societal and ecological impacts of tropical cyclones or hurricanes could drive 
interdisciplinary collaboration. There is a need for a Federal commitment to interdisciplinary 
hurricane research. 

The lessons learned from the National Earthquake Hazards Reduction Program (NEHRP) should 
be assessed to learn what may work well and what may not work well in creating a potential 
National Hurricane Research Program. There needs to be a mechanism to have funding in place 
to allow researchers to begin data gathering and field studies even before hurricane landfall.   

The hurricane science and engineering research resource base needs to be increased, stable, and 
coordinated. There needs to be a systematic approach to hurricane research, using an integrated 
framework.  Within NSF, there is a need for coordinated action and increased communications 
between divisions. The NSF Information Technology Research (ITR) program may be model 
for an integrated program, but greater interagency participation would be desirable.  NSF also 
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needs to work to break down barriers within academia.  An NSF or multi-agency sponsored 
national interdisciplinary hurricane research center could help dissolve institutional barriers, and 
serve as an organizing vehicle to bring people together. 
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